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M ETHOD AND APPARATUS FOR DISPOSING OF 
'-^^ ^ JVASTE MATERIAL _ 

RELATED APPLICATIONS 5 

This application is a continuation of application Ser. 
No. 07/643,419 filed Jan. 27, 1991, entitled "Method 
and Apparatus for Disposing of Waste Material" by 
Patrick C. Malone and Ralph F. Greene, now aban- 
doned, ^0 

TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to waste disposal 
systems and more particularly to a method and appara- 
tus for disposing of waste materials that employs incin- 
eration. 

BACKGROUND OF THE INVENTION 

There is an increasing concern regarding the safe 
disposal of trash or waste material from a variety of 20 
sources. This trash and waste material varies widely in 
composition and not only is it hazardous in many in- 
stances, the by-products of the disposal system may 
yield material that is infectious, carcinogenic, toxic and 
pungent, not to mention bulky and unsightly. Incinera- 25 
tion of \yaste material is an attractive alternative as 
compared to many other processing methods. The in- 
cineration process bums combustible materials, produc- 
ing various by-products. The by-products include an 
exhaust made of combustible and noncombustible gases, 30 
ash and noncombustible residue. In many instances the 
by products pose greater potential hazards than the 
original waste material. 

The incineration systems presently in use are basi- 
cally comprised of a primary combustion module (using 35 
an oxygen starved atmosphere) and a secondary com- 
bustion module (using an oxygen rich atmosphere) 
sometimes known as the afterburner. There may also be 
a variety of filters, scrubbers, recirculation pumps, 
tanks, flues and fans used in connection with the com- 40 
bustion modules to reduce the potentially hazardous 
by-products. 

The problems associated with these standard types of 
systems are that they require manual control, monitor- 
ing and maintenance. In addition, the by-products of 45 
these incineration systems are filtration media, ash, air 
and water that are invariably polluted with the toxic 
material present in the original waste, and/or with toxic 
by-products created during the processing. These pol- 
lutants end up in either our landfills, which further SO 
pollute the ground and ground water supplies, or in the 
atmosphere. The air vented through the flues and stacks 
of these incinerators generally contain oxides of nitro- 
gen (NOx), carbon monoxide (CO), large amounts of 
carbon dioxide (CO2), in addition to particulate matter 55 
and other trace contaminants. 

Aside from any immediate harm, it is believed these 
contaminants contribute to the long term effects of acid 
rain and global warming. The current incinerator de- 
signs and the inherent problems they produce leave a 60 
need for a waste disposal system that effectively reduces 
waste material to inert or otherwise; harmless by-pro- 
ducts without adversely effecting the surrounding envi- 
ronment. 

SUMMARY OF THE INVENTION 

The present invention provides for the complete in- 
cineration and filtration of hazardous waste material 
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and other types of discarded materials, whether in solid 
or liquid form, hereinafter referred to generically as 
**waste material." The method and apparatus of the 
present invention provides a waste disposal system that 

5 effectively reduces waste material to an inert ash and 
provides a means for removing substantially all the 
pollutants from the exhaust generated by the incinera- 
tion of the waste material. 

In one embodiment of the invention, a waste disposal 

10 apparatus is provided comprised of first and second 
combustion chambers and a liquid filter. The first com- 
bustion chamber incinerates the waste material in an 
oxygen rich atmosphere to produce ash and exhaust. 
The second combustion chamber then fires or inciner- 
ates the exhaust in an oxygen starved atmosphere. The 
fired exhaust is next treated by a liquid filter that cap- 
tures particulate matter contained in the fired exhaust 
and also chemically treats the exhaust to reduce the 
quantity of CO, NO, SO and HCL contained in the fired 
exhaust. 

In another embodiment of the invention, a method for 
disposing of waste materials is provided comprised of 
three steps. In the first step, waste material is inciner- 

2^ ated in an oxygen rich atmosphere to produce ash and 
exhaust. In the second step, the exhaust is fired in an 
oxygen starved atmosphere. In the third step, the fired 
exhaust is filtered in a liquid bath to remove particles 
contained in the fired exhaust and to chemically treat 
the fired exhaust to reduce CO^ NO and SO. 

A technical advantage of the present invention is that 
a method and apparatus for disposing of waste material 
is provided that overcomes the disadvantages of the 
prior art by reducing waste material to inert ash and 

3^ removing pollutants from the exhaust. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and the objects and advantages thereof, refer- 
40 ence is now made to the following description taken in 
connection with the accompanying drawings in which: 
FIG. 1 shows a waste disposal apparatus and system 
made in accordance with the present invention; 

FIG. 2 is a flowchart showing the various steps for 
45 performing a method in accordance with the present 
invention; 

FIG. ^^a shows a loading chute for preparing waste 
material prior to incineration that is useful in practicing 
the waste disposal system of the present invention; 
50 FIG. 3^ is a sectional view of the loading chute of 
FIG. 3a taken along the line Zb — Zb in FIG. 3a; 

FIG. 4a is a sectional view showing the first combus- 
tion chamber used in connection with the waste dis- 
posal system of the present invention; 
SS FIG. 4b illustrates the flow of materials and exhaust 
through the first combtistion chamber of FIG. 4a; 

FIG. 4c is a sectional view of the first combustion 
chamber showing an air nozzle for agitating the con- 
tents of the first combustion chamber of FIG. 4a to 
60 produce the flow of FIG. Ab; 

FIG. 4^ is a sectional view of a circulating fan for use 
in connection with the present invention; 

FIG. 5 is a sectional view of the second combustion 
chamber showing the flow of exhaust through the com- 
63 bustion chamber; 

FIG. 6 is a sectional view of an air cooling module 
useful in practicing the waste disposal system of the 
present invention; 
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FIG. la is a sectional view of an electrostatic filtra- 
tion module used in connection with the present inven- 
tion; 

FIG. 7^ is a sectional view of a reducing catalyst 
module used in connection with the present invention; 5 

FIG. 8 is a sectional view of an oxidizing catalyst 
module used in connection with the present invention; 

FIG. 9a depicts the liquid filtering module for con- 
taining the liquid filter used in connection with the 
present invention; lO 

FIG. 9b shows an arrangement for conveying the 
purified fired exhaust to the liquid fdtering module of 
FIG. 9a and for recirculating and liquid fdtering that 
exhaust; 

FIG. lOfl is a sectional view of the neutralization 15 
module shown in connection with the present inven- 
tion; and 

FIG. 10b is a cooling module used in connection with 
the waste disposal system of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides for a waste disposal 
system that employs incineration and is comprised of 
several subsystems or modules whose individual func- 25 
tions are combined to yield a reduced amount of unde- 
sirable by-products of combustion. Tlie invention is best 
understood by referring to the accompanying drawings 
in which like parts are designated with like numerals 
throughout. 30 

Referring first to FIG. 1, a preferred embodiment of 
the waste disposal apparatus 10 made in accord with the 
present invention is shown. Waste disposal apparatus 10 
includes loading module 30 for loading waste material 
into the system. Loading module 30 processes the waste 35 
material by reducing it in size, shredding it in the pre- 
ferred embodiment, and feeding the processed waste 
material to first combustion chamber 40 for incinera- 
tion. The waste material is incinerated in first combus- 
tion chamber 40 in an oxygen rich atmosphere and 40 
reduced to ash and exhaust. The exhaust produced in 
first combustion chamber 40 is directed to second com- 
bustion chamber 50 where the exhaust is fired in an 
oxygen starved atmosphere. 

Continuing with FIG. 1, the fired exhaust is cooled in 45 
air cooling module 60 before entering electrostatic 
module 701. Particles contained in the fired exhaust are 
removed by electrostatic module 701 before the fired 
exhaust enters reducing catalyst module 70 where se- 
lected by-products of combtistion are chemically re- 50 
duced. From reducing catalyst module 70, the fired 
exhaust is directed to oxidizing catalyst module 80 
where CO is converted to CO2. After leaving oxidizing 
catalyst module 80, the fired exhaust enters the liquid 
filter contained in liquid filtering module 90 to remove 55 
any additional particulate matter contained in the fired 
exhaust and to treat the fired exhaust chemically. After 
passing through liquid filtering module 90, the fired 
exhaust enters neutralizing module 100 and cooling 
module 101 before being released into the atmosphere 60 
by employment of an induced draft Qiy) fan. 

Referring now to. FIG- 2, a preferred method for 
carrying out the present invention will be explained. In 
the first step 201, trash or waste material is loaded into 
the system. In the second step 202, the loaded waste 65 
material is shredded to reduce its size and weight before 
passing the waste material to the first combustion mod- 
ule 204. The shredded material is conveyed by injection 
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system 203 from shredder 202 to first combustion mod- 
ule 204 where it is mixed with fuel and air for incinera- 
tion m fuel/air mixing step 204a. As a result of the incin- 
eration step depicted by first combustion module 204. 
5 the waste material is converted to inert sterile ash and 
exhaust. The sterile ash is removed from first combus- 
tion module 204 in step 205. 

Exhaust from first combustion module 204 is passed 
to second combustion module 206 where the exhaust is 
10 mixed with fiiel and air and incinerated or fired to pro- 
duce a fired exhaust. In steps 207fl-207c, excess energy 
is recovered for complimentary purposes, such as to 
produce steam, by transferring heat (207a) from second 
combustion module 206 and then recovering that heat 
15 (2075) to produce a usable energy output (207c). 

In cooling step 208. the fired exhaust is mixed with 
outside air 208a to reduce the temperature of the fired 
exhaust before further processing. After cooling step 
208, the fired exhaust passes through electrostatic filter- 
20 ing module 209 for removing particles. From electro- 
static filtering step 209, the fired exhaust passes to re- 
ducing catalyst module 210 for removing oxides of 
nitrogen. After passing through reducing catalyst mod- 
ule 210, the fired exhaust passes to oxidizing catalyst 
25 module 211 for converting CO to CO2. From oxidizing 
catalyst module 211 the fired exhaust passes to the liq- 
uid filtering module 212 for liquid filtering. In the liquid 
filtering step 212, particles contained in the fired ex- 
haust are removed and it is chemically treated to reduce 
30 further CO. NO. SO and HCL. From the liquid filtering 
step 212. the fired exhaust passes to the neutralization 
module 213 where acid gasses contained in the fired 
exhaust are neutralized. In the next step, cooling mod- 
ule 214. the fired exhaust is further cooled before pass- 
35 ing to filtering step 215 and then final venting into the 
atmosphere in step 216. 

Referring now to FIGS. 3a-3b, loading module 30 
provides a gravity fed or a mechanically activated load- 
ing chute 31 for the loading of the waste material into 
40 the waste disposal system. The waste material may be 
placed in combustible containers prior to loading. When 
loading chute 31 is filled and its door is sealed and 
locked, a signal is provided to start the system. Loading 
module 30 is equipped with lock out devices which, 
45 when activated, prevent the reopening of the system 
until its contents have been incinerated, filtered and 
rendered safe and non-polluting. Referring to FIG. 3b, 
loading module 30 has a waste entry module 32, a shred- 
der module 33 and an injection module 34. 
50 The shredder module 33 will process the waste mate- 
rial being fed to it into relativity small bits, allowing for 
rapid combustion. Both the solid shredded waste mate- 
rial and any liquid waste material will be injected into 
the preheated first combustion chamber 40 (FIG. 1). 
55 The method of injection may either be by allowing the 
material to fall into combustion chamber 40 under the 
influence of gravity or using jets of air to blow the 
waste material into the chamber. As will be explained 
below, it is preferred to blow the waste material into 
60 combustion chamber 40 along a trajectory that en- 
hances suspension time of the waste material in the 
incinerator. Shredder module 33 may provide for a 
sterilizing treatment to disinfect loading chute 31, waste 
entry module 32, shredder 33 and injection module 34 
65 after completion of the incineration process or prior to 
re-opening the loading chute door. 

Waste material to be processed is loaded from the 
exterior of the waste disposal system onto waste entry 
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chute 35. The waste slides down waste entry chute 35 

t,"""^^""^ S^^'^y* ^here it enters the 
Shredder 33 and comes to rest in contact with the waste 
entry chute backwall 36 and the rotary shredder knives 
37 of the rotary shredder assembly 38. The rotary 5 
shredder assembly 38 is comprised of a wiper assembly 
and a ganged array of spacers and a ganged array of 
rotary shredder knives 37. Waste entry chute 35 and 
waste entry chute backwall 36 arc joined to shredder 
module 33. The ganged array of rotary shredder knives 10 
37 are typically arranged on two counter-rotating shafts 
and have one or more toothed projections. The waste is 
pulled through the rotary shredder module 33 by the 
action of the ganged array of toothed rotary shredder 
knives 37, where it is shredded and passes through 15 

Primary air injector 301 is arranged so that pressur- 
ized air arriving through the primary air injector air 
supply Imes 39 impinges on the falling shredded waste 
material and propels that waste along shredded waste 
chute 302 toward the first combustion chamber 40 
(FIG. 4). The shredded waste material above passes 
over secondary air injectors 303. In like manner, the 
secondary air injectors 303 are arranged so that the 
pressunzed air arriving through the secondary air injec- 
tor air supply line 305 impinges on the shredded waste 
material and further propels it into the waste injection 
module 34 along and above the waste injection chute 
304. and into the first combustion chamber 40 The 
shredded waste chute 302 is attached to waste injection 
chute 304, which is a part of the waste injection module 
34, and which also is attached to the wall of the first 
combustion chamber 40. 

Waste injection module 34 is inclined at such an an- 
gle, and the air injectors 301 and 303 are arranged to „ 
propel the shredded waste material with sufficient 
force, that the waste material passes into the first com- 
bustion chamber 40 with trajectory 41 (see FIGS 4a 
and 4^) that first rises and then falls, giving the airborne 
shredded waste material a greater residence time in the ^ 
hot gases of first combustion chamber 40, allowing for 
enhanced incineration and enhanced outgassing, oxida- 
tion, and decomposition of the waste material before it 
comes to rest on the Ooor 42 of the first combustion 
chamber 40 (FIG. 4a). 

The waste disposal system of the present invention 
may have multiple combustion modules. Referring to 
FIGS. 4a, 4b and 4c, the preferred embodiment of the 
first combustion chamber 40 is described. First combus- 
Uon chamber 40 comprises various elements to afiect <o 
combustion and a preferred air How pattern that en- 
hanccs suspension time of the waste material to achieve 
a more complete incineration. The waste material wiU 
be mjected into the fu^t combustion chamber 40 which 
IS preheated by the control system when the loadmg 55 
module door has been closed and locked. When locking 
has been verified by the control system, the control 
system will take over operation of the system. The 
control system will ignite the burner system jets 43 in 
first combustion chamber 40 in a predetermined se- 60 
quence, monitor and control the temperatures, the gas- 
/air mixtures for proper combustion, the air flow rates 
and draft control, the chemical composition of the sys- 
tem's air and other operating parameters. 

First combustion chamber 40 may be lined with a 65 
refractory ceramic material 44. The chamber can be of 
a shape and size to accommodate a specific charging 
rate. The first combustion chamber 40 may be capable 
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of batch, intermittent duty or continuous duty incinera- 
tion. 

The configuration of burner system jets 43 in first 
combustion chamber 40 will determine the direction of 
5 the flame/air thrust. The position and angles of these 
jets may be adjustable to influence the effect of their 
Uinist on the suspension of any prccombusted and com- 
busted waste materials entering or circulating through 
combustion chamber 40. In addition, there are injectors 
10 45 that mject air under pressure into the firet combus- 
tion chamber to both disturb accumulations of burning 
residue on the floor, and to complement the flow pat- 
terns of air created by the burner jets 43. The combina- 
toon of Uie air flows produced by fan 49, injectors 45 and 
15 burner jets 43 produces a complex air flow pattern that 
enhances the controlled suspension of waste material to 
get more complete incineration. This controlled suspen- 
sion, m the preferred embodiment it lasts at least one 
second and preferably longer, will cause a more thor- 
20 ough combustion, keeping the amount of particulate 
inatter to a minimum, while increasing the processing 
time of the materials in the combustion chamber. This 
type of controlled combustion/vaporization will reduce 
theamounts of ash accumulation within the modules. 
25 The mert sterile ash and noncombustible materials 
will remain on floor 42 of combustion chamber 40. The 
floor may be of a design that has a removable and re- 
placeable collection tray 46, If this material has eco- 
nomic value, it may be recycled after its removal from 
30 the system. 

The wall structure of the first combustion chamber 
40, is comprised of an external shell 47, and an interior 
Immg of refractory insulation or ceramic material 44 
The waste injection chute 304 is attached to, and passes 
35 ^ough, external shell 47, and passes through insulation 
44, providmg an opening for entry of the shredded 
waste matenal into the first combustion chamber 40 
The shredded waste material will have a suceested 
trajectory 41. 

40 The first combustion chamber 40, is heated by one or 
more burner system jets 43, (see FIGS. 4a and 4b) 
whose angular position may be adjustable. The burner 
system je^ 43 supply heat energy for combustion, by 
burmng a liquid or gas fuel with oxygen. Air passes into 
45 combustion chamber 40 under pressure, either continu- 
ously or occasionally, through air supply lines 4S to 
cyclwiic air injectors 45 along pathway 403 (see FIG 
4c). The angular position of cyclonic air injectors 45 
may be adjustable. This air impinges on the waste mate- 
50 naJ and on the gases already resident in the chamber, 
wth the effect of enhancing the au-bome residence time 
of said waste material. 

Non^mbustible waste material residue or ash will 
eventually fall and remain on the floor 42 of combustion 
55 chamber 40 for removal as necessary. Refractory insula- 
tion on the surface of floor 42 may be protected from 
chemical reaction with waste residue, and from abra- 
sion due to the removal of accumulated waste residue 
by a protective liner. «"uuc, 

^ ^o^-^'j"*^^^"^^ 4^ and 4*. air circulating fan 

4!^, IS driven by air circulating fan motor 401, and is 
supported by air circulating fan housing 402. (See FIG 
4^. Fan 49 provides an air flow pattern (FIG 4^^ 
which also enhances the airborne residence time of the 

65 the waste material and enhances temperature unifor- 
mity inside combustion chamber 40. 

Referring next to FIG. 5. the preferred embodiment 
of the second combustion chamber 50 is shown com 



prised of various elements to affect combustion and a 
preferred air flow pattern. The second combustion 
chamber 50 cheniically reduces the exhaust as it arrives 
from first combustion chamber 40. The heated exhaust, 
which may include gaseous vapors and particulate mat- 5 
ter, is mixed with air and fired by the action of burner 
jet system 56 at controlled rates and with a controlled 
flow to facilitate proper combustion. 

Hie second combustion chamber 50 has an interior 
that is constructed of refractory ceramic materials. 10 
Chamber 50 can have its own burner jet system 56, 
which may also control the direction of travel of the 
exhaust. The control system will monitor the tempera- 
ture, the air/gas mixtures for proper combustion, the air 
flow rates and draft controls, the chemical composition IS 
of the air in the module, and other operating parame-r 
ters. 

The combustion air duct 51 acts as a conduit for the 
flow of combustion air from the first combustion cham- 
ber 40 to the second combustion chamber 50. One end 20 
of combustion air duct 51 is attached to the flrst com- 
bustion chamber external shell 47, at an opening in the 
first combustion chamber refractory insulation 44; and 
the other end is attached to the second combustion 
chamber external shell 53, at an opening in the second 25 
combustion chamber refractory insulation 54. The flow 
of exhaust from the first combustion chamber 40 into 
the second combustion chamber 50 is suggested by 
dotted lines 57. The angle of attachment of the air duct 
51 to chambers 40 and 50 together with the combination 30 
of air flow patterns generated by burner system jets 56 
enhances the resp>ective cyclonic air flow patterns of 
chambers 40 and 50. This cyclonic air flow pattern is 
suggested by dotted arrows 55 and is selected to en- 
hance the bumtime of the exhaust in chamber 50. 35 

The second combustion chamber 50, is heated by one 
or more burner system jets 56, whose angular position 
may be adjustable. The burner system jets 56 supply 
heat energy for combustion by burning a liquid or gas 
fuel. These heated gases impinge on the exhaust already 40 
resident in the module, with the effect of enhancing the 
airborne residence time of the exhaust to produce a fu-ed 
exhaust. The fired exhaust then passes into the next 
module for further processing. 

Referring next to FIG. 6, the preferred embodiment 45 
of the first cooling module 60 is shown comprised of 
various elements to cool the fired exhaust to a con- 
trolled temperature which is advantageous for subse- 
quent processing. The hot fired exhaust from second 
combustion chamber 50 will travel through first cooling 50 
module 60 where it will either (1) be mixed, at con- 
trolled ratios, with outside air, or C2) pass through a heat 
exchanging system allowing some of the energy of the 
combustion air to be reclaimed. The net effect will be to 
cool the fired exhaust to appropriate temperatures for 55 
subsequent modules. 

Fired exhaust passes into the first cooling module 60 
where it is mixed and cooled with outside air then exits 
the module at outlet 69 for further processing. Cooling 
module 60 is comprised of an external shell 61, refrac- 60 
tory insulation 62 and cooling air injection assembly 64. 
The cooling air injection assembly 64 provides for out- 
side air to enter cooling module 60 in a controlled man- 
ner through inlet 66 by varying the position of damper 
65 either manually or automatically to control entry of 65 
outside air through outside air inlet 66. 

Referring next to FIG. 7a, the preferred embodiment 
of the electrostatic precipitator module 701 is shown 
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compnsed of various elements to purify the fired ex- 
haust entering it yielding it more environmentally ac- 
ceptoble. The electrostatic filtration module may be of 
vanous designs such that it allows the fu-ed exhaust to 
5 pass through an array of grids having alternating posi- 
tive and negative electrical charges. The fu-ed exhaust 
mcludes airborne solid material consisting mainly of 
carbon flakes (particulate matter) that will pass through 
this array of grids and take on the electrical charge of a 
10 nearby grid. This material will be electrostatically at- 
tracted to and captured by a grid of the opposite electri- 
cal charge, allowing for further purification of the fired 
exhaust. 

The fired exhaust passes into electrostatic filtration 
15 module 701 through a prefilter 703 which mechanically 
removes large particulate matter from the fu-ed exhaust. 
Then the fu-ed exhaust passes through an array of ioniz- 
mg electrodes 704 which impress an electrical charge 
on particles in the gas stream, then it passes through an 
20 array of collecting cells 705 which consist of oppositely 
charged electrodes that attract and capture the particu- 
late matter that was previously charged by ionizers 704, 
and fmally the fired exhaust passes through an afterfilter 
706 that acts to retain in module 701 any captured par- 
25 ticulate accumulations by mechanically filtering the 
fired exhaust. The purified fired exhaust exits the mod- 
ule 701 at opening 707 for further processing. Module 
701 is surrounded by external shell 702 which is at- 
tached to the fu^t cooling module external shell 61. and 
30 to reducing catalyst module external shell 71. 

Referring next to FIG. 7b, the preferred embodiment 
of the reducing catalyst module 70 is shown comprised 
of various elements to purify further the fu-ed exhaust 
entering it yielding a more environmentally acceptable 
35 exhaust. The reducing catalyst module 70 has several 
sub-modules or drawers which are filled with different 
types and shapes of ceramic adsorptive media such as 
the NC-300 catalyst available from the Norton Com- 
pany. The media will be supported ui a manner to allow 
40 the flow of exhaust through and around the media. 
Access to the sub-modules or drawers will be denied 
until such time that the control system deems that ac- 
cess is safe. Media may be selected to remove oxides of 
nitrogen and other compounds. The chemical composi- 
45 tion and other characteristics of the system air in this 
module 70 are monitored by the control system for a 
variety of characteristics. 

The fired exhaust passes into the reducing catalyst 
module 70 at opening 77 for purification by the chemi- 
50 cal reduction of various gases, particularly oxides of 
nitrogen, then exits the module at 76 for further process- 
ing. Reducing catalyst module 70 is comprised of an 
external shell 71, which is attached to the external shell 
702 of electrostatic module 701 and to the external sheU 
55 81 of oxidizing catalyst module 80 (FIG. 8). Fired ex- 
haust passes through the bed of ceramic media 72 where 
a chemical reduction takes place between the chemical 
compounds of ceramic media 72 and some oxide gases 
in the fired exhaust, particularly reducing oxides of 
60 nitrogen to diatomic nitrogen. Ceramic media 72 are 
supported by a mesh material 73. Mesh material 73 has 
an open structure, allowing for the free flow of fired 
exhaust through mesh material 73. Mesh material 73 is 
in turn supported by support drawer 74. Access door 75 
65 allows for removal and replacement of the ceramic 
media 72 by opening the door and sliding out support 
drawer 74. The fu-ed exhaust then exits the module at - 
opening 76. 
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Referring next to FIG. 8, the preferred embodiment 
of the oxidizing catalyst module 80 is shown comprised 
of various elements to purify the fired exhaust entering 
it, yielding the exhaust more environmentally accept- 
able. The catalytic module 80 contains catalytic materi- 5 
als that would, without entering into any chemical reac- 
tion itself, act to initiate or accelerate oxidizing reac- 
tions for products of combustion. For example, carbon 
monoxide is oxidized to carbon dioxide. Module 80 
converts harmful compounds to harmless compounds. 10 
Appropriate catalysts and catalyst carriers are used for 
the particular compounds to be altered. For example, 
oxidizing catalysts could be from the palladium group 
of elements and deposited on stainless steel or some 
other suitable support carrier, such as a screen, grid, 
foil, etc. such as those available from the Catalytic 
Combustion Corporation of Bloomer, Wisconsin. The 
catalytic materials are placed in the flow path of the 
fired exhaust, and may be of such design that the cata- 
lytic material is easily removed and/or replaced as part ^ 
of normal maintenance, regeneration or renewing of the 
catalyst. 

Fired exhaust passes into the oxidizing catalyst mod- 
ule 80 for purification by the chemical oxidization of 
various gases, particularly carbon monoxide, then exit 
the module at 86 for further processing. Oxidizing cata- 
lyst module 80 is comprised of an external shell 81, 
which is attached to the external shell of the reducing 
catalyst module 71 (FIG. lb). Fired exhaust passes -„ 
through the oxidizing catalyst assembly 82 where a 
chemical oxidation takes place between the chemical 
compounds of the oxidizing catalyst assembly and some 
gases in the fired exhaust, particularly oxidizing carbon 
monoxide (CO) to carbon dioxide (CO2). Assemblies 82 35 
are supported by support drawer 83. Access door 84 
allows for removal and replacement of assembly 82 by 
opening door 84 and sliding out support drawer 83. 
Purified fired exhaust is collected by collection mani- 
folds 85 then exits module 80 at opening 86 which in 4^ 
turn pass the gases to the liquid filtering ihodule 90 
through pump 99 (FIG. 9by 

Referring next to FIG. 9a, the preferred embodiment 
of the liquid filtering module 90 is shown comprised of 
various elements to purify the fired exhaust entering it 45 
make it more environmentally acceptable. This filtra- 
tion module may be a type of chemically reactive liquid 
filtering module or liquid filter. This system may be 
comprised of pumps, aspirator devices and chemically 
reactive liquids. Fired exhaust will be combined with 50 
the reactive liquid into a froth or foam and injected into 
a reservoir of the liquid. This module allows for the 
dissolving of soluble compounds in the fired exhaust, as 
well as trapping particulate matter. The closed loop 
circulation of chemically reactive liquids allows for 55 
thorough exposure, mixing, cleansing and filtration of 
polluting compounds within the fired exhaust The 
chemically reactive liquids may be in a thickened state 
which will assist in providing enhanced exposure time 
to the percolation process. ^ 

The liquid filtering module 90 has several types of 
controllable non-corrosive injection nozzles which are 
used to direct the flow and create agitation. The looped 
piping and aspiration pump system is of a noncorrosive 
construction with electronically or manually controlled 65 
back flow shut ofi" valves to prevent any chemically 
reactive liquids from backing up into any other module. 
The module 90 may be coated with a nonporous, non- 
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corrosive material with easy access clean outs also of a 
noncorrosive construction. 

Fired exhaust passes into liquid filtering module 90 
where harniful gases, particularly carbon monoxide 

5 (CO), nitrous oxide (NO), hydrogen chloride (HCL) 
and sulfur dioxide (SO2), are taken into solution and 
neutralized in neutralizing solution 96. The purified 
fired exhaust then exiu the module at exit 98 for further 
processing. Uquid filtering module 90 is comprised of 

10 an exterzial shell 94 and various other components, and 
acts as a reservoir for neutralizing solution 96. Fired 
exhaust passes into mixer 91 (see FIG. 9b) which en- 
traps the gas as bubbles in solution 96 as a gas/liquid 
mixture 92. Mixture 92 enters manifolds 93 where mix- 

IS ture 92 is forced through nozzles 95 where the trapped 
bubbles 97 rise to the surface of the neutralizing solution 
96 which is contained within external shell 94. Neutral- 
izing solution or liquid filter 96 may be comprised of 
water and either urea or ammonia. Liquid filter 96 may 

20 also include a thickening or jelling agent such as CAB- 
O-SIL type M-5 available from Cabot Corp. of Tuscola, 
111. Purified fired exhaust collects over solution 96 at the 
top of liquid filtering module 90, and passes to the next 
module. 

25 Referring next to FIG. 9b, neutralizing solution 96 
exits module 90 and flows into liquid pump 901 where 
solution 96 is pressurized and forced through mixer 91, 
while fired exhaust enters air pump 99 where the fired 
exhaust are pressurized and also forced through mixer 

30 91 creating gas/liquid mixture 92 (see FIG. 9a), The 
liquid circulation loop is thus closed. 

Referring next to FIG. 10, the preferred embodiment 
of the neutralization module 100 is shown comprised of 
various elements to purify the fired exhaust entering it 

35 yielding the gases more environmentally acceptable. 
Neutralization module 100 has multiple sub-modules or 
drawers which can contain pellets of alkali-cr calcium- 
based compounds to neutralize acid gases in the fired 
exhaust flowing through the system. Neutralization 

40 module 100 allows for the free flow of fired exhaust 
through and around the media. It is lined with a mate- 
rial, such as a ceramic, to prevent corrosion of any 
metal components. The sub-modules or drawers may be 
removable for maintenance or replacement of the me- 

45 dia. 

Fired exhaust passes through filter 103 and into the 
neutralization module 100 for purification by the chemi- 
cal neutralization of various acid gases, particularly 
hydrogen chloride, then exits the module at 107 for 

SO further processing. Filter 103 mechanically filters the 
fired exhaust. Neutralization module 100 is comprised 
of an external shell 102, which is attached to the exter- 
nal shell of the percolation module 90 and to the exter- 
nal shell of the second cooling module 101. Fired ex- 

55 haust passes through the bed of neutralizing media 104, 
e.g. cidciimi carbonate, where a chemical neutralization 
takes place between the compounds comprising the 
media and acid gases. NeutralLdng media 104 is sup- 
ported by support drawer 105, having an open structure 

60 to allow for the free flow of gases. Access door 106 
allows for removal and replacement of the neutralizing 
media 104 by opening the door and sliding out support 
drawer 105. Fired exhaust then exits the module at 107 
after passing through filter 108 which mechanically 

65 filters the fired exhaust. 

Referring next to FIG. 106, the preferred embodi- 
ment of the second cooling module 101 is shown com- 
prised of various elements to cool the fired exhaust to a 
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controlled temperature which approximates ambient 
outside air temperature and to control and maintain 
appropriate negative interna! air pressure. This cool 
down module may function much the same as the cool 
down module described above (see FIG. 6). 5 

Fired exhaust passes into the second cooling module 
101 where it is mixed and cooled with outside air, then 
exits the module at 116. Outside air enters through cool- 
ing air damper assembly 113 where its flow rate is con- 
trolled by air damper 112, whose position is varied 10 
either, manually or automatically, then the outside air 
passes through cooling air inlet 111. Fired exhaust en- 
ters module 101 through mechanical filter 114, mixes 
with outside air, passes through outlet filter 115 which 
again mechanically filters the exhaust, and then exits 15 
module 101 at opening 116. Thus, the mixture of the 
fired exhaust and outside air can pass into the atmo- 
sphere through an ID fan and its damper assembly. The 
clamper assembly can be directed upward at different 
angles with controlled speed and flow rates. This effec- 20 
tively reduces any possibility that CO2 will be found at 
ground level in an amount that could be harmful. Exter- 
nal shell 110 is attached to neutralizing module external 
shell 102 and to an induced draft fan housing (not 
shown). Such a fan maintains a negative internal air 25 
pressure which is necessary for the proper functioning 
of the second cooling module 101. 

Tliis system may have optional systems added to its 
configuration such as an electrical generation or heating 
system. This can be accomplished through the coupling 30 
of the heated exhaust and a boiler/steam turbine system. 
TTie heated exhaust would be coupled with the boilers' 
tubular network. This allows for the production of 
steam from the boilers internal circulation of water, 
which is supplied externally from the waste disposal 35 
system and may be controlled by an imbedded com- 
puter and data system. Depending upon system configu- 
ration, this steam production can be used to drive a 
steam turbine to produce electrical power or provide 
steam heat to a variety of other optional devices or 40 
systems. The waste disposal system's internal exhaust 
flow may be routed through the boiler systems tubular 
network heating the boilers internal water supply then 
passing through to a cool down module as described in 
connection with FIG, 6. 45 

The waste disposal system of the invention also in- 
cludes an imbedded computer and data acquisition sys- 
tem. The purpose of these combined computer systems 
is the complete monitoring and functional control over 
all the integrated subsystems that make up the waste 50 
disposal system. The tnibedded computer and data sys- 
tems are capable of high speed real time processing of 
both data and calculations using the most recent proces- 
sor and coprocessor chip technology, with built in ex- 
pansion techniques which allows updating as needed. 55 
The system has several expansion slots for additional 
function cards as required by the system's demands, 
such as environmental regulation changes, systems 
technology, improvements, additional subsystems or 
optional systems. The computer system may also have 60 
several common I/O ports for the sharing or control- 
ling data and/or functions as required by the waste 
disposal system's configuration. The computer and data 
systems along with their function cards can have sev- 
eral data acquisition cards which can be determined by 65 
the system requirements. 

These computer systems support such items as Re- 
._ mote Terminal Units (RTU) which allow for a choice of 



